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MILOCMED 1968: A DROGUE EXPERIMENT IN THE IONIAN SEA

PART I: THE TEMPERATURE TIME SERIES

by

Adolf Dahme and André de Haen

ABSTRACT

During an oceanographic survey (MILOCMED 63) made in the Ionian

Sea between 15 May and 5 June 1968, temperature profiles were
obtained e-very three minutes by means of free-drifting, sel’l-
recording drogues equinped with 60 m long thermistor chains.
The gathering and processing of two of these time series, cna
covering a period c¢f 17 days and one a period of 4 days, are
2escribed, The results reported include an indication of an
oczanographic front in the area that causes sharp horizontal
changes in the temperature structure both above and oelow the

thermoclire, They also include information about the daily

heating cycle of the near-surface water and about the effects of

internal waves on the temperature structure within the thermocline,




INTRODUCTION

An oceanographic survey of an area approximately 100 miles
east of Malta was made between 15 May and 5 June 1968
(MILOCMED 68) with the assistance of reveral netions, Part
of the programme was a study of the diffusion of the surface
water, made P tracking tne drift of six drogues, wnich is

described in a companion report (Ref, 1),

The present paper describes the tamperature variations

observed by arrays of 21 thermistors suspended beneath two of

the drogues (ALPHA, FOXTROT) at fixed depths between 0,5 m and

60 m, (Unfortunately, the thermistor arrays attached to twe

other drogues malfunctioned ard the data could not be meaningfully
processed.) The period covered by drogue ALPHA extends from

1615Z 16 May to 1400Z 2 Juns and by droguc FOXTROT from 1448Z

16 May to 1515Z 20 May.,

This report describes in some detail the techniques employed for
the collection and processing of the temperature profile dataj;
the main part of the report describes several remarkable
temperature variations recorded as the drogues drifted through

different water masses,




1. DATA COLLECTION

Figure 1 gives a simplified sketch of the drogues used to
support the thermistor arrays. Each drogue had four 5 m°
canvas—covered vanes (mounted axially at right angles to each
other) to increase drag, A mast about 3 m high carried a
radar reflector and a flashing light to facilitate tracking.

All the thermistors were electrically connected to outlets
moulded at specified positions [see Table 1] on neoprene-
insulated, concentric twin cable of 9 mm diameter, For the
thermistors suspended beiow the drogue the cable was taped to

a 3,2 mm diameter wire rope carrying a €0 kg weight. The cable
for the sha:lower thermistors was taped to a nylon rope
stretched along the side of the drogue., The err~r in geometrical
distar .e of t*e thermistors from the design datum level (the sea
surface) is believed to be less than i 5cm and, =s the arogues
had eaough buoyarcy to ride any waves more than a few metres
long, this distan«c can be considered as the true depth of the

thermistors beneath the free sea surface,

Each thermistor was housed in a small plastic case to ‘ncrease
its time constant to about twe minutes, that is, 1/3 ol the
Nyquist period based on the sampling period of three mirutes,
This increased time constant also has the advantage of relducing
the influence of wave motio.u, as it is much larger than the wave
periods, Thus the variations in the temperature structure are
integrated by the fact that the array closely follows the wave

motion,

The scanning and reccrding procedures performed by equipment
housed in the cylindrical body of the drogues were essentially
those described in Ref, 2 and successfully used during previous
surveys in the Strait of Gibraltar. All thermistors were scanncd

every three minutes, one whole scan being completed in 10 seconds,
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The signals were recorded on tape for later processing by the
computer ashore, An additional feature not availablc during
previous cruises was that a small transmitter housed in the

upper part of the drogue could transmit the signals present on

the tape over distaaces of a few miles, thereby indicating

whether the whole temperature recording system was working
properly, The absolutc accuracy of the complete system, including
calibration, recording, computer transfer and processing; is
estimated to be 0,1°C, but the relative accuracy between adjacent
scans is probably bettce than 0,02°C,

The tracks of the two drogues while useful data were being
recorded are given in Fig., 2, Drogue ALPHA was launched at 15542
on 16 May and by 1615Z its array started to make undisturbed
temperature recordings, The drogue was partly 13fted between
0900Z and 0954Z on 20 May for inspection, without changing its
positiinn rr interrupting the electronic circuitry. At 0430Z cn
23 May it was recovered for repairs to the canvas of the vanes,
When it was relaunched on the same day at 0742Z it was placed
approximateily 10 n,mi west of its previous position so as to make
it easier to track the two drogues, which had vy the separated
considerably, There were no further interrupt.-ns until it was
recovered at 0800Z on 5 June, However, inspection of the data
revealed that the battery power had dropped during the last days,
causing a drift of the temperature data. Hence, only the data

recorded until 14007 on 2 June were considered good,

Drogue FOXTx{T was launched approximately 5 rn.mi south of Drogue
LPHA at 13482 on 6 May and undisturbed rccording started at
14482, The drogue was :¢covered for repair at 1518Z on 20 May,
After relaunching at 1827Z on 20 May the drogue ceased to give

useful data,

o aahdi
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TABLE 1

DEPTHS OF THERMISTORS

DROGUE ALPHA

0.50m
1,25 m
2.25
325
4,00
5.00
6.00
7.00
8.00
900
10,10
12,00
14,00
16,00
18,00
22,00
28,00
34,00
40,00
50,606
60,00

B 2 8 8 8 8 8 8 8 8

=
=

5 3 8 8 8 8 8 8

DROGUE FOXTROT

=
U
O
=

1.25
2,00
2.75
3625
4,00
5.00
6,00
7.00
8,00
9,00
10,00
12,00
14,00
18,00
22,00
28,00
34,00
40,00
50,00
60,00

B 8 B B8 8 8 8 8 B B

3 8 8 8 8 8 8 8 8 8
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2, DATA PROCESSIXG

Before the recordings were converted from amalogue to digital
form and transferred to the computer, their quality was checked

by displaying the data on an electrosensitive strip chart in the

same form as it hzd been recorded on magnetic tape, This also
permitted a check of the start and end of the undisturbed
recording, the noise level, the regularity of the synchronization

pulses, and the time marks,

The data were then processed by a general computer system for
oceanographic data developed at SACLANTCEN, out of which the

following sets of programs were used:

One program checks the homogeneity of the calibration points of
the thermistor probes and calculates their deviation from the
theoretical experimental curves; after any necessary adjustments
another program calculates the coefficients of the functions

representing the individual calibration curves,

The asynchronously-stored time intervals resulting from the
transfer from the tapes are separated into individual scans. The
successive time intervals are then referred to a -common origin
and assigned to their corresponding sensors, One auxiliary
program checks this synchronization and ancther counts the cycles
found between two fixed time marks in order to make sure that no
scan has been lost, which would result in a shifted time scale
for the rest of the analysis, The response times of the sensors
are then introduced into their respective calibration equations

and the corresponding temperatures are calculated,

The original recordings contain reference information that is
transferred to successive computer tapes and used to detect

incomplete, noisy or unsynchronized scans, which would result in

errors in the calculated temperatures, It such a fault is present,

B mia st o B Kt et e DRV A et ek
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part of the scan is usually incorrect, This part is then rejected

by the program and replaced by a linecar interpolation between the
preceding and subsequent accepted vaiues, These eliminated scans
represented less than 17 of the total data reported here, The
original record has a tirme mark instead of a temperature profile

at erery 8oth scan, i.e. every 4 hours of real time; this missing
scan is also replaced by an interpolation, To avoid an interruption
of the time series the two large gaps (one of ] hour and one of

3 hours) in the data from drogue ALPHA were filled by a series of
temperature profiles linearly interpolated between the preceding

and subsequent good scans,

Thé refined data were finally treated by specific programs that
compute, 1ist and plot the hourly and daily means and their cor-
responding standard deviaticns, as well as computing the total heat
content of selected water columns and plotting the results against

time,
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3.  RESULTS

3.1 Results derived from Daily Means

Tables 2 and 3 list the means and standard devia*ions of the

480 measurements recorded each day by drogues ALPHA and
FOXTROT respectively., Because of the behaviour of the standard
deviation — borne out by the hourly means — for the 3,25 m level
of DProgue ALPHA, the values for this level froam 17 to 26 May
(given in parenthesis in Table 2) should be ignored.

The changes in the temperature stiucture during the survey can

be seen more clearly from Figs., 3a and 4a, which display the daily
mean temperatures at depths from 10 m to 60 m by 10 m increments
(the levels at 20 m and 30 m are linearly interpolated from the
adjacent level). The connecting lines serve soiely to assist the

eve to identify values belonging to the same level,

3.1.1 Drogue ALPHA

The most striking feature in the records of the mean temperature
structure obtained from this drogue is the drastic changes between
26 and 28 May, In this period the temperature of the water at and
below 20 m incrcased by about 2°C in the upper part of this stratum
and by about 1°C in its lower part, This is demonstrated in a more
familiar way in Fig. 5, which shows the temperature profiles in

the form of bathythermograms, At the same time the temperature at
the 10 m level decreased by nearly 1°C, partly through wind mixing.
Unfortunately, the absence of salinity records for this period
prevents a study of the change in the density structure and of the
possible change in stability. The drogue'!s track on 26 and 27 May,
which is repeated in the bottom left-hand corner of Fig, 2 for
increased clarity, does not show any peculiarity that might help

to explain this drastic change of the temperature structure, nor do
the meteorological observations made aboard MARIA PAOLINA and

10
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PLAXET give a hint, At the end of the survey period the temsperature
tends to return te values obtained during the first part of the

survey.,

An idea of tne mean temperature gradient in th« surface layer
above the thermocline is given by Fig. 3b, which saows the daily
mean temperatures at 0,5 my, 5 m, 10 m and 15 = (the last being
linearly interpolated from the 14 m and 16 m levels). During the
first nine days there was a gencral heating at these levels,
associated with an increasing temperature gradient, An exception
was observed at the 6 = level on 20 May when it was apparently
afiected by an exceptionally large internal wave, The drastic
changes at the lower levels on 27 and 28 May are reflected at the
upper levels, but in the oppcsite sense: the temperature at 0,5 m
depth decreased during these days by approximately 2°C, On these
and the following two days the wster at the four levels shown in
Fig. 3b appears well mixed, which is confirmed by the standard
deviations of the temperatures at the 0,3 my, 5 m and 10 m levels
recorded on Fig, 3c. A considerable temperature gradient again

developed on 1 June,

In Table 2b, the maximum and minimum values of the standard
deviations of the temperatures are emphasized by circles. The
depth of the maximum value, approximately indicating the depth
where internal waves are most aciive (in as much as they produce
the largest temperature variations) is constantly at 18 m until

26 May, and descends to 40 m during 27 May, concurrently with

the change observed in Fig, 3a, It then ascends to 22 m during

the last three days. The depth of the minimum standard deviation
is more variable, thec biggest change again occurring between 26 and
27 May, As previously indicated, the standard deviation is also

a useful tool for investigating how homogeneous the different levels
were or how well mixed the laver above the thermocline was; on

28 May, for example, the laver was particularly well mixed,

11
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3.1.2 Drogue FOXIROT

Unfortunately the records of Drogue FOXTROT are short. They wilil
tl.crefore be used mainly for a study of the differences in the
temperature structwre at the different positions of the two drogues
during the period of 17-19 May.

3.1.3 Differences of the Temperature Structure at the Positions
of Drogue ALPHA and Drogue FOXTROT

Figures 6a, b and ¢ compare the temperature structures (based on
daily means) at the positions of the two drogues on 17, 18 and
19 May respectively and Table 4 lists the actual differences in
temperature at each depth,

It is seen that, whereas there was little difference between the
temperature profiles on 17 May [Fig. 6a] — in fact they were
remarkably similar at depths below 25 m — thzre were differcnces

on 18 and 19 May [Figs. 6b and 6c]. Ore is tempted to assign these
differences to the increasing distance between the two drogues, as
recorded in Tablc 5, which lists the distances every two hours
(take1 from the track chart of Fig, 2) together with the calculated
daily average. At levels within the thermocline the temperature
differences between the two drogues cannot properly be compared,
because here the temperature gradients are stronger and therefore
the influence of internal waves appears greater, In the survey
area this might be assumed to occur at the four depths of 14 m,

183 my 22 m and 28 m marked on Table 4, Above the thkermocline, the
picture is not uniform, as is demonstrated by Figs., 7a and 7b, based
on Tables 4 and 5, For depths between the surface and 7 m, Fig. 7a
suggests that on 17 and 18 May the two drogues stayed in more or
less the same water mass but that on 19 May one drogue passed a
boundary or a front, At greater depths, but still above the
thermocline [Fig, 7b], no curtain conclusion can be drawn, Below
the thermocline [Fig, 7c¢] it appears that a front may have appeared

bet wvecn the two drogues on 18 May and remained there on 19 May.

-
L]
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Taking the geographical vositions, and not the disiances, as the
determining factors, one observes from the track chart {Fig. 2]
that nearly the same area was crossed by Drogue FOXTROT on 17 May
as by Drogue ALPHA on 18 May, 7he same happened on the following
days: an area crossed by Drogue FOXTROT on 18 May was crossed by
Drogue ALPHA on 19 May. The temperature profiles for these two
areas are plotted in Figs., 6d and 6e and it is seen that in both
areas the temperature structure changed from oie day to the other,
However, as revealed by Figs, 6f and 6g, neither drogue recorded
a change in the temperature structure beneath the thermocline on
the two consecutive days, (Bec. :se the temperature structures
above the thermocline are also influenced by the changing
meteorological conditions they cannot be directlv comparzd,) It
can therefore be concluded that the boundary betwc:en the two water
masses located beneath the thermocline and between the two drogues

moved eastwards during 18 and 19 Mav.

It is noted that when Drogue ALPHA passed between 0 and 4 n.mi south
of the same area on 27 and 28 May the water beneath the thermocline

was considerably warmer [Fig, 3al.

3.2 Resclts Derived from Hourly Means

Figures 8 and 9 present graphically, as a function of time, the
means and standard deviations of the 20 measurements recorded each

hour by Drogues ALPHA and FOXTROT respectively,

The daily heating cvcle within the surface layer is clearly
demonstrated, its effect being normally confined to about the

upper 8 m. Only when strong winds prevailed throughout the day,

as on 2U, 21 and 29 May, was the penetration deeper, whereas on
calm days the penetration was less, The sharp peaks in the very
near-surface layver on 25 Mav and 1 June were associated with calm
weather at midday. The drastic changes on 26 and 27 May are easily
recognizable: a decrease of the temperature i1n the surface layer

1s accompanied bv an 1nerease of the temperature belov the
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thermocline, At the same time the "layer depth?, i.e. the top of
the thermocline, increases from about 14 m or 15 m to more than
18 m,

The strong oscillations of the temperature around depths of 22 m
are attributed to interral waves, The thermal unrest extends, but

tc a lesser degree, to the rogion Delow the thermocline as a

consequ-.nce of the temperature gradients still present in this
stratum, Xote that no changes wn the temperature structure
occurred when Drogue ALPHA was reiaunched on the morning of 23 May ‘

at a position 10 n.,mi west of its previous position,

ia aed

Figure 10 shows the heat con‘ent, H, in excess of 17°C of a water
column of 1 cm®° cross-section between the surface and the
indicated depths Z_., computed as

where

; o = specific gravity of the water,

c_ = specific heat of the water under constant !
pressur-=,

T = tecwperature at depth z,

The general heating occurring during the periods 17 to 25 May

O

(the first part of the 0-14 m curve indicates a daily average net
heat gain of 200 cal/cm® for the 14 m deep water column during the
first ten days of the survey) and 28 May to 1 June is clearly seen,
E On 26 and 27 May the drogue entered cooler surf.ce water and there
was a great apparent loss of heat., Another loss of heat started

on 2 June.

14
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Seardasrd Bevistions (*C) of the T Recorded ALTEA for Perieds >f Oae Pey

| g Moy 196% —o{ Jmme

Bepen 17 14 10 20 n 22 23 l 7 3 26 27 28 2 30 3n 1
o067 | 0.32% | o.238 | o.17s | 013 | o.268 | o.358 | o.see [ o300 | 0.215 | o.2e8 | o0.07¢ | o.1e1 | o.235 | o.182 | o.ase
5§ 0,007 | o135 | 6226 | o1z | ooze ] e.255 | o.zsn | ousse | o.zee | o133 § o.zee | c.o7s | o.ner | 0.1353 | o.130 | o.217
5| o.0ee | 6.u2s .22 ca7z | o128 | o.255 | o.2e5 | o.358 | o.3e0 | ..136 | o.2ee | 0,078 | o.1e1 | 0332 | 0.1s5 | c.ase
3.25 J10.168) §10.132) ] (0,223) | €0.41%) }(0,237) | (0.375) | (0.445) ' 106,527) | (0.6051 | (0.406) | O,29¢ 0,077 0,11 0.152 0.13% 0..63
1,00 § o.086 | o.128 | o.207 | @17 o2 | o.250 | ou13r 226 | o.418 | -0.170 | 0.300 | o.05¢ | o.i01 | c.130 | o.12¢ | o.138
5.00 | 0.060 | 0.318 | 0,172 | 014 | o.rmn | o.xee | o.008 | 0.1z | o.343 o.2¢ | 0,078 | o.1e1 | 0az1 | o.rre | o.114
t.0n | 0,058 | 0,116 | 0,137 | 0,182 | 0,067 | 0,105 | c.087 | 0.0 | 0,208 | 6,155 ! o.2e7 | o0.074 | o.1en | o.r08 | o.008 | 0,070
s.00 | 0.055 | 0,102 | o.102 | 0,201 | 0,082 | o.086 | o.002 | 0.066 | o.12¢ | 0.142 | 0.206 | 0,070 | o0.100 | 0.008 | 0.0% | o.047
LN 0,053 0,007 ¢, 060 0,214 0,071 0,026 0,001 0,03% 0,087 0,201 0,203 0,008 [ % £ 1 0,0¢0 0,061 0.03%
0.00 | .25 | 0.000 | 0.050 | o0.200 2,023 | o.088 | o.056 o220 | acv | 0,088 | o.1%e | o.08 | o.044
10.00 | 0,055 | o0.087 o.208 | o003 | o.03¢ | (308 0,001 | o.24¢ | 0,207 | o.060 | o.16¢ | o.088 | o.03¢ | o.03e
12,00 ©.079) | 0.955 | o.266 | o, s 0,213 | 0,088 [ 0,138 | o.242 } 0,203 | o.0% | 0,192 | e 0,050
18,00 | 0,165 | o080 | o.1e8 | o.303 | 0.126 | o071 | o.a58 | o.537 | o.a06 | c.z75 | 0.2¢1 | o.050 | o.17: Jo6¢ | o.140
16,00 l 6,575 | 0318 | 0.313 | o.310 | 0.335 | o.506 | “~.aa1 | o.567 | o.308 | o.372 0.148 | o.000 | o.006 | 0,127
100 @5 | @D (.59 .| (.65 0.2%0 | o.058 0,210 | 0,102 | 0,335
22,60 | 0.376 | 0.473 | 0.343 | 2.315 | o0.256 | 0.238 | 0,268 | o.2s4 | o.519 | 0.885 | o.402 | c.200 | o.288 @3
26,00 | 9,115 | 0,151 | aas1 | o118 | o.160 A6 | 0,115 | o.1e7 | 2,267 | 0.270 | o.see @ 0336 | o236 | o0.343
.00 [ 0,116 | 0,150 | o.ta2 | oasy | oo1rs | vas0 | oo.r10 | s.ze | earsy 2241 | 0,717 | o280 | o.5% | c.260 | 0.251 | o.30:
40.00 | 0,321 | o.161 | o153 | oeres | ovres | oooran | oaaze | ourae |oeasa ] eo2rs | @98 | 0a1s7 | o.aos | 0.222 | o200 | 0o2es
50,00 § 0,101 | 0,138 | o.160 | o144 | 0.0 | o005 | 0.aan1 | o083 | 0,073 | 0,166 | o0.567 | o.135 | o.250 | 0.2 0.17. | o.160
1,00 | o118 | 0,105 | o35 | 0,132 | 0,098 | o0.057 | 0,060 | 6,060 [ o0.054 | o.153 | 0.262 | 0,108 | o.148 | 0167 | o.208 | 0,104
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TABLE 3a

Dailz Mean Temperatures §°C[

as Computed from the records of Drogue FOXTROT

Depth 17 18 19
n
0.50 20,018 20,124 20, 308
1.25 19,960 20,042 20,231
2,00 19.965 206,069 20,228
3.25 19,957 20,056 20,211
‘ 4,00 19.982 20,082 20,226
5.00 19.930 20,014 20,105
6.00 19.947 20,030 20.051
7.00 19,887 19,982 19,942
8.00 19.954 20,171 20,178
9.00 19.788 19.934 19,881
10.00 19.730 19,894 19,868
12,00 19.638 19,800 19,868
14.00 19,571 19,70¢€ 19,830
18.00 18.809 18,878 19,318
22,00 17.550 17.527 18,380
28.00 16,833 16,875 16,986
34.00 16.513 16,501 16,537
40,00 16,114 16,013 16,037
50,00 15.626 15.486 15.498
60.00 15.365 15,210 15.206
L
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TABLE 3b

Standard Deviations (°C) of the Temperatures

Recorded by Drogue FOXTROT for Periods of One DPay

! Deptn 17 18 19
m

0.50 0.118 0.149 0.264

1.25 0.115 0.414 0.259

2,00 0.:27 0.172 0.264

3.25 0,176 0,143 0.249

4.00 0.116 0.143 0.246

5.00 | (0.112 0.12+ 0.227

6.00 0.114 0.11% 0.189

7.00 0.129 0.104 0.121

8.00 0.191 0.105 0.053

9.00 0.181 0.073 0.023
10.00 0.178 @.07D
12,00 0.136 0.119 0.048
14.00 0,192 0,184 0.151
18,00 0.618 0.331
22.00 0.420 0.412
28.00 0.201 0,170 0.397 :
34.00 0,143 0.142 0.238
40,00 0.137 0.130 0.189
50,00 0,155 0,156 0.123 i
60.00 0.126 0.138 0.108
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TABLE 4

Differences (°C) Between the Temperature Recorded at Drogue ALPHA

and the Temperature at Drogue FOXTROT for the Same Depths

Depth 17 18 19

m

0,50 | - 0,050 | - 90,011 | + 0,106

1.25 + 0,018 + 0,072 + 0,178
4.00 | - 0.030 | + 0.016 | + 0.110

5,00 | + 0.055 | + 0.102 | + 0.175
6,00 + 0,013 + 0,055 + 0,145
7,00 | + 0,100 | + 0.111 | + 0.219

8,00 | + 0,011 | - 0.100 | - 0,048
9.00 | + 0.169 | + 0.126 | + 0.231
10,00 + 0,229 + 0,164 + 0,239
12,00 | + 0.306 | + 0.240 | + 0.205
14,00 | + 0.304 | + 0.312 | + 0.178 z.%
18,00 | - 0,495 | + 0,526 | + 0,073 || 7
22,00 | - 0,334 | + 0,120 | - 0,625 i &
28,00 | - 0,023 | + 0,158 | + 0.054 %)%
34,00 + 0,003 + 0,230 + 0,178
40,00 | + 0,032 | + 0.352 | + 0.311
50,00 | + 0.001 | + 0.412 | + 0.362
60,00 | + 0.026 | + 0.307 | + 0.307
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Distances apart (n.mi) of Drogue ALPHA and Drogue FOXTROT

TABLE 5

at different times

“&‘T" 16 17 18 19 20
0 - 6.3 8.3 11.1 10,9
2 - 5.6 9,1 11,1 10,7
4 - 5.6 9.1 10,7 10,7
6 - 5.5 9,7 10,6 10.0
8 - 5.2 9.3 10,7 7.9
10 - 6.7 9.8 11,2 16,7
12 - 6.7 10.1 10.7 11.0
14 - 6.6 9.3 11.4 11,0
16 6.5 7.0 8.7 11.4 -
18 4.6 7.1 10.4 10,6 -
20 5¢5 7.3 9.6 10.6 -
22 5.3 7.5 10,3 10.6 -
mean - 6.3 9.5 10,9 -

19
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CONCLUSIONS

So far only a very limited analysis of the data has been
performed; its results may be summarized as follows:

(1) During the heating season a very pronounced daily
heating cycle is observed in the uppsr waters of the Ionian
Sea, but this variation is limited in depth to eight metres
except on days with prevailing strong winds. On the other hand,
calm days cause a sharp increase of the temperature very close
to the surface, but there is no longer a daily heating cycle
throughout the upper eight metres., There is no reason why this
result should not be extended to the whole Mediterranean,

(2) Internal waves cause +he temperature structure within
the thermocline to change very rapidly. Although no spectral
analysis h.s been done, the high standard deviations found for
l-hour periods suggest that the periods of these temperature
variations are less than one hour,

(3) The data support the concept that horizontal temperature
changes — above and below the thermocline — are not steady but
occur at fairly sharp boundaries, In other words, water bodies of
anknown shape and size are moving through the ocean and taking a
very long time to lose their identity by mixing in the horizontal
direction, It is recommended that the size of these bodies should

be investigated in more detail,

Since the manuscript of this report was written there has been a
further analysis of MILOC 68 data by P, Saunders of Woods Hole and
F. Edwards (Royal Navy attached to SACLANTCEN). Further cruises
have been made and the analysis of the results [some published
(Refs. 3, 4) and some unpublished] by Woods of the UK Meteoro-
logical Office and by Briscoe and Johannessen of SACLANTCEN confirm

the existence of an oceanic front or system of fronts in the area,




In particular, this frontal system appears to extend into compa-
ratively shallow water east of Malta in summer and late spring
and has been detected in deep water approximately 100 n.mi east of
Malta in December, Unfortunately the drogue data reported here
lack sufficient information on the lateral extent of the large
variations recorded on 26-28 May to "prove" that a front was also

present in the deep water in late spring — but it is an intriguing

thought.
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